Acrylonitrile (AN) was copolymerized with itaconic acid metal complexes [Co(II),Ni(II),Cu(II)] aiming to synthetize self-colored acrylonitrile fiber. The copolymerization occurred in water at 60 O C using sodium bisulfite and potassium persulfate as redox initiators. The resulting copolymers are colored and exhibited high thermal stability as shown from their TGA curves. The investigated copolymers exhibited comparable thermal stability as that of PAN. The AN/ itaconic acid Co(NO 3 ) 2 copolymer was considerably the most thermal stable copolymer while that of Ni(II) copolymer was the less stable one. Cu(II) copolymer showed an intermediate stability. The data also revealed that the maximum degradation occurred after 300°C (the cyclization temperature). Thus, neither the copolymerization nor the complexation affected the nitrile oligomerization reaction. The effect of adding ammonium hydroxide solution to acrylonitrile-itaconic acid copper(II) complex copolymer on the thermal stability of copolymer was also studied.
INTRODUCTION
Polyacrylonitrile (PAN) is known to suffer from several disadvantages: weak modability, thermal instability at high temperature as well as poor dyeability. Copolymerization has been proved to be an effective route for the modification of the polymer properties generally and of poly acrylonitrile (PAN) particularly. It is reported that the essential properties of PAN can be greatly improved by the incorporation of different comonomer units [1] [2] [3] [4] [5] [6] [7] into the polymeric matrix. The thermal instability as well as the poor dyeability are the main properties to be improved.
Acidic comonomers such as itaconic acid (IA) offered additional sites which could, which could modify the fiber morphology, increase the hydrophilicity and facilitate the cyclization of the nitrile group during thermal oxidative stabilization of acrylic fibers 8, 9 . It has been reported that itaconic acid does not homopolymerize easily since its radical possesses poor reactivity towards its own monomer unit 9 .
However, the presence of two carboxylic groups in itaconic acid monomer increases the possibility of interaction of the carboxylic group with the nitrile group during cyclization reaction 10 leading to cross-linked structure. A suggestion for the deactivation of the effect of carboxylic groups on the formation of the cross linked structure is the treatment of itaconic acid (IA) with some metal salts as Ni (NO 3 ) 2 , Cu(NO 3 ) 2 and Co(NO 3 ) 2 before its copolymerization with acrylonitrile (AN). The metals gave the copolymer its natural color. There will be no need for the dyeing process as well as the problem of fasting of the dye on the polymeric matrix. The study of the influence metal cations on the thermal properties and the color of AN/ Itaconic acid copolymers are the objects of the present work.
EXPERIMENTAL

Material
Acrylonitrile (AN) (Sigma-Aldrich) was purified by distillation. Itaconic acid (IA) (Acros). Ni(NO 3 ) 2 , Cu(NO 3 ) 2 and Co(NO 3 ) 2 were purchased from (Fluka), Sodium bisulfite and Potassium persulfate were obtained from (Panreac).
Complexation of IA
Copper(II), Cobalt(II) and nickel(II) complexes of the itaconic acid [IA/M(NO 3 ) 2 ] were prepared according to the following procedure:
Aqueous solution of itaconic acid (IA) (1 M) was refluxed with (0.01 M) of metal salt solution for one hour at room temperature. The solid (colored) product was formed then it was filtered and dried for 24 h under vacuum oven.
The results of the complexes were identified by the UV/Vis and FTIR spectrophotometers.
Copolymerization of IA with AN
The copolymerization [AN-co-IA/M(NO 3 ) 2 ] was prepared via radical polymerization using sodium bisulfite (5×10-2 M) and potassium persulfate (5×10 -2 M) as a redox initiator. Free-radical copolymerization of AN with IA/M(NO 3 ) 2 at constant total monomer concentration (0.1 M) in distilled water was carried out in glass bottles with polyethylene stoppers at 40°C, using 0.01 mol% initiator with respect to monomer feed. The solution was purged with nitrogen all over the reaction. The copolymerization reaction was allowed to take place for some intervals of time. Polymerization was terminated by precipitating the reaction mixtures in a large amount of cold methanol. The precipitated copolymers were purified by distilled water using soxhlet system and dried in vacuum oven, at 40°C to constant weight (Table1). The results of the complexes were identified by the UV/Vis and FTIR spectrophotometers.
Characterization
Infra-red spectroscopy spectra were measured on a Jasco 460 plus FTIR spectrophotometer by cast with potassium bromide (KBr) disk and the range of data between 400-4000 cm -1 . UV-visible spectrophotometric measurements were carried out by a shimadzu-1208 UV-Vis spectrophotometer. The samples were prepared by dissolving the copolymers in N, N-dimethylformamide at 25°C.
The thermogravimetric analysis (TGA) was carried out on simultaneous thermal gravimetric analyzer (Perkin Elmer gravimetric analyzer TGA). The (TGA) performed from 25 to 500 o C at heating rate of 10 O C/min in flowing dry nitrogen at a rate of 10 O C/min. The morphology of poly acrylonitrile and modified poly acrylonitrile in presence of metal were examined by emission scanning electron microscopy (ESEM) using a (FEG-SEM/EDS) or lEO 440ZEISS/ lEICA model.
RESULT AND DISCUSSION
UV-Vis spectra
The Co, Ni, Cu complexes had been prepared according to above mentioned described method. The formation of the complex was confirmed by the appearance of the broad peak at λ max shown at UV spectrum and Table 1 . The electron density of the -COO-group decreases as result of the complex formation with metal ions leading to λ max shift to shorter wavelength 10, 11 . It is possible to establish the following order for the metal ion ability to stable complex with itaconic acid: Co(II) λ max = 690 nm), Cu(II) (λ max = 726 nm) and Ni(II) (λ max = 750 nm) which is confirmed by order of chelating stability of metal ions 11 ( Figure 1) .
Moreover, the UV/Vis spectrum of each copolymer showed an extra broad peak when compared to the PAN spectrum ( Figure 2 ).
FTIR spectroscopy
Comparing the IR spectra of IA (c) and PAN (a) and that of the copolymer of AN-co-IA/Cu(NO 3 ) 2 (b) (Fig. 3) . The latter showed the following: 1.
Reduction of the broadness above 3000 cm -1 indicates the participation of the carboxylic groups in the coordination process with metal ions. 2.
The (H-bonded) peak at 3448 cm -1 due to water molecules coordinated to the Cu (II) complex 10. 3.
The C=O carbonyl stretching of AN-co-IA/ Cu(NO 3 ) 2 remains at the same wavenumber (1700 cm -1
) as compared with IA monomer spectrum.
4.
The nitrile group of AN-co-IA/Cu(NO 3 ) 2 copolymer shifted to higher wavenumber at 2362 cm -1 as compared to that of homopolymer AN which appear at 2245 cm -1 , this shift might be attributed to the effect of electrostatic force between carbon atom of carbonyl group and C=O in itaconic acid and nitrogen atom of nitrile groups as shown from Scheme 1 (Eq.1).
5.
A shoulder like appearance at 2190 cm -1 near characteristic absorption for C≡N at 2245 cm these mixtures were recorded to make a calibration curve (Fig. 4) . The ratio of the intensity of the C=O stretching band at 1720-1730 cm -1 to that of C≡N stretching band at 2246 cm Where Y = ratio of intensity of the carbonyl stretching band to the nitrile stretching band and X = the contents (in mol %) of itaconic acid. Table 2 showed the composition for various copolymers as shown from their IR spectra. All copolymers were found to be colored. 
Thermal behavior of synthesized copolymers
The thermal stability of the copolymers was investigated by thermogravimetry (TGA), in a nitrogen stream, at a heating rate of 10°C min -1 and the rate of nitrogen flow was 20 ml min -1 . A summary for the total mass loss percentage of AN-co-IA/M(NO 3 ) 2 copolymers in the presence of various concentrations of NH 4 OH solution are shown in Table 3 . Figure 5 showed the initial decomposition temperature of PAN at To = 307°C and the main mass loss reached to 27% at 500°C. The results revealed that [AN-co-IA /Co(NO 3 ) 2 ] exhibited higher initial decomposition temperature (To= 340°C) than the PAN homopolymer, while [AN-co-IA /Ni(NO 3 ) 2 ] copolymer showed To at 270°C, lower than PAN.
Moreover, the presence of Cu and Co in the copolymers reduce the mass loss percentage, at high temperatures to 24.87% and 24.31%, respectively, as compared to PAN (27 %) ( Figure 5 ).
The aforementioned data confirmed the extra thermal stability acquired by the AN-Co-IA due to the presence of metal cations. 
IR Studies
Increasing NH 4 OH concentration from 0.2 N to 0.8 N led to the deepness in the blue color of the resulting copolymer. This could be attributed to the formation of copper tetramine complex through the copolymer chains. To confirm this, the FTIR spectrometry was used. The nitrile group of copolymers appeared at the same wavenumber in 2360 cm -1 .
2.
An increase in the intensity of the shoulder like, which appear at 2245 cm -1 . This could be attributed to the ability of Cu (II) to replace the acidic hydrogen in the imine group of itaconic acid moieties. 3.
Increase of the peak broadness at 3400 cm -1 with the increase in the concentration of NH 4 OH. This corresponds to the hydroxyl group of water molecules formed as a byproduct of the coordination process as shown in Figure 6 (a and b) . 4.
Stretching split bands of primary amine appeared between 3300-3400 cm -1 (it is small for aliphatic) 13 , while broad bending band of primary amine appeared at 1560 cm -1 .
5.
Two strong bands near 1400 and 1700 cm -1 may assign to the symmetric and asymmetric carboxylate ion 14 . Also, overtone of these peaks was observed at 3700 cm -1 and 2900 cm Table 4 showed the percentage of total mass loss of the copolymer [AN-co-IA/Cu (NO 3 ) 2 ]. The percentage of weight loss of the copolymers was slightly affected by the addition of 0.2N, 0.4N, 0.6N and 0.8N NH4OH solutions as shown from Table 4 . The increase in the NH 4 OH concentration only affected the degree of the blue color of the copolymer rather than thermal stability.
Thermal degradation studies
UV/Vis studies
UV/visible spectra of the [AN-co-IA/ Cu(NO 3 ) 2 ] in presence of various concentrations of ammonium solution (Fig. 7) showed that the copolymers formed in presence of various concentration of NH 4 OH were shifted to longer wavelength (Bathochromic shift) and possess the higher λ max value (Hyperchromic effect) than [AN-co-IA/Cu(NO 3 ) 2 ], which indicates the complexation formation. From the aforementioned data, a thermal stable dark blue colored [AN-co-IA/Cu (NO 3 ) 2 ] copolymer could be obtained by an adding 0.6-0.8 N of ammonium solution (10 ml) per one gram of the copolymer.
Morphological characterization
The polymeric matrix of the (AN-co-IA/M) copolymer was unique for the cation forming the copolymer complex. Thus, the morphology of the [AN-co-IA/Cu(NO 3 ) 2 ] (Fig. 8b) 
CONCLUSION
The copolymerization of AN with IA metal complexes leads to the formation of colored copolymers. There will be no need for the dyeing process and the problem related to the fasting of the dye will vanish. The thermal stability and the color of the copolymers varied according to the type of metal. The [AN-co-IA/Co(NO 3 ) 2 ] copolymer possessed higher thermal stability as compared to that of PAN. While, the pink colored. Ni copolymer possessed less thermal stability than PAN as shown from their thermal gravimetric analyses. The addition of ammonia solution to the [AN-co-IA/Cu(NO 3 ) 2 ] cause deepness in the blue color of the copolymer. IR, UV/Vis spectra had confirmed the structure for the copolymers in presence of metals.
